Background: Ambulatory management of isolated acute deep venous thrombosis (DVT) is the recommended standard of care in selected populations. However, in practice a significant number of patients continue to be managed as in-patients. Objectives: In this study we aimed to evaluate acute DVT treatment pathways in our emergency department (ED) in practice and to identify barriers to outpatient management. Methods: This study was a cross-sectional analysis of prospectively collected data pertaining to consecutive patients presenting to the ED of a large, city center, academic teaching hospital over a 46 week period who were diagnosed with DVT. Results: Implementation of an outpatient care pathway led to the majority of patients presenting with DVT in our institution being treated without hospital admission. Forty percent (31/78) of patients with DVT were treated with a direct oral anticoagulant (DOAC) as an outpatient in line with international best practice guidelines.
Introduction
Venous thromboembolism (VTE) comprises deep vein thrombosis (DVT) and pulmonary embolism (PE) and is a major contributor to global disease burden, affecting millions of individuals worldwide every year [1, 2] . The incidence of DVT in Europe has recently been reported as 70-149 cases/100000 person-years [3] . The majority of cases are diagnosed and initial treatment is commenced in the emergency department (ED) [4, 5] . It has been established that ambulatory management of isolated DVT, without inpatient admission, is safe and feasible in appropriately selected populations [6] [7] [8] [9] . Currently published data suggests that ambulatory care with low molecular weight heparin (LMWH) is safe for selected patients with acute DVT [7] . In recent years, direct oral anticoagulants (DOACs) have been compared with warfarin in randomized phase 3 trials and are now suggested as first-line treatment for VTE over vitamin K antagonists for most patients [10] . Moreover, DOACs are associated with additional benefits in particular for patient management in the outpatient setting, including lack of requirement for monitoring of anticoagulant effect and a lower risk of major haemorrhage including intracranial haemorrhage [11, 12] . International guidelines from the European Society of Cardiology recommend the application of specific clinical criteria to identify patients with DVT suitable for outpatient or ambulatory management [13] . However despite this available evidence, in practice a significant number of patients (> 50%) continue to be managed as inpatients, including those potentially suitable for out of hospital management [4, 12, 14] . In this study we aimed to evaluate acute DVT treatment pathways in our ED, to examine the implementation of these guidelines in practice and to identify barriers to outpatient management.
Methods
This study was a cross-sectional analysis of prospectively collected data pertaining to consecutive patients presenting to the emergency department (ED) of a large, city centre, academic teaching hospital in Dublin City Centre (Mater Misericordiae University Hospital; MMUH) between October 2014 and September 2015 who were diagnosed with DVT. Patients presenting to the MMUH ED and diagnosed with DVT are managed according to a structured care pathway (under the governance of the multidisciplinary MMUH VTE Working Group). This pathway provides guidance for selection of patients suitable for outpatient DVT management. Clinical pre-test probability was assessed using the two level modified Wells Score. The Wells Score assigns points to clinical variables including active cancer treatment, paralysis, recent surgery, calf swelling and tenderness in order to predict likelihood of DVT [13] . In cases where DVT was unlikely (modified Wells score ≤ 1), D-dimer testing was carried out and a negative result out ruled DVT. In patients with 'likely' DVT (modified Wells score > 1) patients proceeded directly to imaging with compression ultrasonography (CUS). Patients with a confirmed diagnosis of DVT were managed as outpatients providing they did not meet the exclusion criteria listed in local guidelines: alcohol dependence, signs or symptoms suggestive of pulmonary embolus (PE) or confirmed PE, age < 18, patients already on anticoagulation at time of diagnosis, pregnancy, significant issues with compliance, cognition, mobility or communication, active or significant risk of bleeding, or comorbidities requiring medical or surgical admission (which at the time of the study included active malignancy, severe liver and renal impairment, bleeding disorder). Suitable patients preferring a long-term once daily option rather than twice daily therapy were prescribed rivaroxaban 15 mg twice daily for three weeks, followed by 20 mg once daily for three months total duration unless an indication to continue therapy existed upon review, including patients with unprovoked DVT or a persisting provoking factor. All other patients were prescribed therapeutic dose LMWH. Tinzaparin 175 units/kilogram once daily was the LMWH of choice at our centre. Patients were reviewed by the VTE clinical nurse specialist on the same day where possible. Patients for whom a clear date of discontinuation after three months was not suitable were followed up in the MMUH thrombosis clinic.
In this study, data were prospectively recorded at the time of diagnosis via the ED in a local hospital database. Variables recorded were age, Wells pre-test probability score, D-dimer, compression ultrasound result, treatment prescribed, presence of provoking factors, computed tomography pulmonary angiogram (CTPA) result (if also requested based upon symptomatology), previous VTE history, co-medications, early bleeding complications (specifically evaluated at 3 weeks post-diagnosis) and whether outpatient management was feasible. Follow up for sonographic evidence of residual thrombosis was not documented as part of this study.
Patients treated as per the outpatient VTE pathway were contacted by telephone by the VTE clinical nurse specialist at three days and three weeks post DVT to assess for early bleeding complications. This group of patients were scheduled for follow up at the coagulation outpatient clinic with the consultant haematologist three months post DVT at which time they were specifically asked about bleeding. There was no standardised methodology for data collection regarding early bleeding complications for patients that were admitted to hospital for treatment. The study relied on patients self-reporting episodes of bleeding in this cohort during the three month follow up.
We used Microsoft Excel for data entry. We used descriptive statistics to analyse our data. The categorical variables were reported in counts and percentages for our groups of interest; inpatients, outpatients and the total group. For the continuous variables, we calculated the mean accompanied by the standard deviation (SD) and the median accompanied by the interquartile range (IQR) for each group.
Results
Fifty-one thousand five hundred forty-four patients presented to the MMUH ED during the study time period. Of these, 400 patients were investigated for DVT by the VTE clinical nurse specialist, and 78 (19%) had a confirmed diagnosis of DVT on ultrasound. Of the total number of those investigated, the diagnosis was ruled out with Wells Score and D-dimer in 63 (16%), while 259 (65%) had negative sonography.
Patient characteristics are outlined in Table 1 . The majority of patients diagnosed with DVT were male (59%; 46/78). The mean age of the total cohort of patients was 47.7 years (SD 18.5). Most DVT events were associated with a provoking factor (63%; 49/78), in individuals without a previous history of VTE (64%; 50/78). Intravenous drug use was the provoking factor for 40% (31/ 78) of total patients and 63% (31/49) of provoked cases. Other provoking factors included immobilisation (20%; 10/49), oral contraceptive pill (6%; 3/49), post-partum (6%; 3/49) and cancer/active inflammation (4%; 2/49).
In 54% (42/78) of cases, there was documentation of the clinical pre-test probability using the two level modified Wells score. In cases with documentation of Wells Score 19% (8/42) and 81% (34/42) had an unlikely probability and a likely probability of DVT respectively. Wells score was not documented in 46% of patients at presentation (36/78). For 58% (21/36) of these patients this was an appropriate omission of the score as individuals were post-partum or persons who inject drugs (PWID). 58% (45/78) of patients had a D-dimer level measured in the ED. In 51% (17/33) of patients without recorded D-dimer, the test was not indicated due to intravenous drug use. A D-dimer was ordered erroneously in three patients who presented post-partum.
Two (3%; 2/78) patients presented with upper limb DVT with the remainder of DVTs presenting at the level of the external iliac vein and below. 19% (15/78) of patients with DVTs had a coexisting PE at the time of presentation.
Sixty-eight percent (53/78) of patients were managed as outpatients while 32% (25/78) were admitted for treatment. 58% (31/53) of those treated as outpatients were treated with rivaroxaban while the remaining 42% Bleeding complications were recorded in 9% (5/53) of those treated as outpatients versus 4% (1/25) of patients initially treated as inpatients. Reported bleeding complications included positive faecal occult blood, haemoptysis, haematuria, menorrhagia and bleeding from a groin abscess. There were a total of six cases of clinically relevant non major bleeding with no episodes of major bleeding recorded in either group assessed according to the International Society of Thrombosis and Haemostasis definitions [15] . In accordance with the outpatient DVT protocol, patients enrolled in the outpatient pathway and commenced on rivaroxaban received a follow up phone call at three days and three weeks from the VTE clinical nurse specialist (CNS) to assess bleeding complications. 47% (37/78) of patients in our study were followed up in this way. There were insufficient resources to formally follow up every patient included in the study with CNS led phone calls. Patients admitted to hospital for initial therapy were followed up by the admitting medical team, the outcomes of which were outside the scope of our data collection in certain cases. Patients anticoagulated with LMWH had contact with healthcare professionals in the majority of cases therefore follow up phone calls were not prioritised for this group for pragmatic reasons.
Discussion
Implementation of an outpatient care pathway led to the majority of patients presenting with DVT in our institution being treated without hospital admission. Sixtyeight percent of all patients were treated as outpatients during the study period. Forty percent of patients with DVT were treated with a DOAC as an outpatient in line with international best practice guidelines. A further 28% were treated in the community with LMWH, 77% of those were PWID. There is a high prevalence of intravenous drug use among patients within the catchment of our inner city, urban centre. LMWH is currently recommended for pragmatic reasons for these patients, as most Dublin drug treatment centres are familiar with and most comfortable with direct administration of LMWH for these clients. With the development of pathways and infrastructure in inclusion health in Dublin city centre, this may change in the future. Inpatients were treated with LMWH (72%) or a DOAC (16%), with the remaining three cases undocumented. The most prominent barrier to ambulatory management in our cohort appears to be DVT with associated PE. Consequently, development of safe pathways for outpatient management of PE has been prioritised by the hospital VTE Committee. The implementation of validated risk assessment tools in the ED may identify low risk patients with PE suitable for outpatient management. The introduction of eligibility criteria and coordination with the outpatient department to ensure appropriate interval follow up for this cohort, could facilitate safe outpatient management of specific patients presenting with PE [16] . Almost 20% of patients presented with DVT and associated PE. This is similar to figures cited in international literature [11] . While the prevalence of intravenous drug use was stable between the inpatient and outpatient group (40% versus 42%) concomitant medical and psychosocial issues were documented in the group for admission. Development of inclusion health pathways in collaboration with medical social workers dedicated to the care and management of patients with social challenges including homelessness and drug and alcohol addictions has been prioritized as a key outcome of this study. In order to meet this objective, the Hospital VTE Committee will also work closely with colleagues in primary care who provide dedicated support to these vulnerable patients and with colleagues in other Dublin City Centre Hospitals, as patients with inclusion health needs frequently attend several hospitals due to their circumstances [17, 18] .
In 34% of cases presenting to the ED where Wells Score was indicated (excluding PWID and post-partum cases), record of the score was inappropriately omitted from the patient documents. This is a crucial step in the evaluation of clinically suspected DVT and guides further investigation. This revealed non-compliance with the recommended structured care pathway for DVT in the ED and is not in line with best practice as outlined by international guidelines [13] . Patients with complete DVT work up including documentation of Wells Score were more likely to be treated as an outpatient. While D-dimer was measured in 58% of cases, deviation from clinical practice guidelines occurred in only one case when the test was inappropriately requested with a documented high clinical probability of DVT as established by the Wells Score [13] . The presence of a provoking factor and unusual site of DVT, such as upper limb thrombi, were both factors associated with admission to hospital.
The data in this study was collected consecutively and prospectively. All radiologically proven cases of DVT were recorded in the data set by the research team. This approach aimed to minimise bias due to low response and to prevent misclassification due to recall bias as can be seen in cross-sectional studies. The main limitation of the study was its observational design. Physicians in the ED were unaware that the data collection was taking place and therefore did not clearly document the clinical criteria supporting admission. Patients with suspected DVT were seen directly by the VTE CNS during office hours under the supervision of the Emergency Medicine (EM) consultant staff, but outside of these hours patients were assessed by junior and senior EM doctors, which likely accounts for variance in assessment and documentation. Contraindications to outpatient management were inferred from studying the patient's clinical data in the context of the structured care pathway. This study reports the prevalence of DVT presenting to the ED and describes the subsequent management pathway, however it is not possible to fully elucidate the patient factors impacting clinical decision making and treatment choice. Cause and effect relationships and associations are be difficult to interpret. There were missing data in our study. Incomplete data entry was noted most particularly when recording early bleeding complications. Accurate records of follow up complications are not available to us for all cases. This study did not set out to primarily assess bleeding complications. We are limited in our ability to comment on bleeding complications between the two treatment pathways and between the different anticoagulant agents due to the lack of standardisation in our methods for assessing bleeding complications between the two groups. However, despite limitations, the study provides a clear picture of the clinical profile and management of patients in clinical practice.
Conclusion
The results of this study are relevant throughout the world today. Clinical trials have long since established that outpatient DVT management is a safe and effective treatment. There is now an emerging evidence base for the outpatient treatment of pulmonary embolism [19] . However despite the progress in the field of research, it is clear from this data that there is scope for further development of the outpatient DVT pathway in clinical practice. The findings of this study are consistent when compared with international data [4, 12, 14] . Directing resources towards strategies which facilitate outpatient DVT treatment among vulnerable patient groups could represent a means of reducing hospital admissions for DVT in urban centres and, ultimately, lead to health care savings. The majority of hospitals in Ireland do not have a permanent VTE CNS in the ED. Due to the lack of resources and supported infrastructure it is difficult to effectively implement outpatient VTE management to its full potential. Our study highlights the success of this model, which should become standard as part of wider VTE care in Ireland. 
